An efficient calculation algorithm is presented for two-center overlap integrals over noninteger n * Slater type orbitals in molecular coordinate system based on the use of Guseinov's one-center expansion formulae and Löwdin α radial function. These integrals are expressed in terms of overlap integrals of integer n Slater type orbitals. The analytical formulae offer the advantage of direct and efficient calculation of the two-center overlap integrals over noninteger n * Slater type orbitals without the use of numerical methods. Several numerical results obtained are presented to demonstrate the improvements in convergence rates.
Introduction
The two-center overlap integrals over integer n * Slater type orbitals (ISTOs)and noninteger n * Slater type orbitals (NISTOs) have played a major role in evaluation of multicenter multielectron integrals and in electronic structure calculations of molecules. In literature, several types of atomic orbitals have been proposed [1, 2] . The two more commonly used are the Slater type orbitals (STOs) and Gaussian type orbitals (GTOs). The GTOs have two major disadvantages: (1) They do not have a cusp on the nucleus. (2) They fall off too rapidly for large r [3, 4] . The STOs and GTOs are not orthogonal with respect to the principal quantum numbers that creates some difficulties arising in the solution of different atomic and molecular problems when the HartreeFock-Roothaan (HFR) and explicitly correlated theories are employed. Thus, the necessity for using the complete orthonormal sets of Ψ α -exponential type orbitals (Ψ α -ETOs, α = 1, 0, −1, −2, . . .) introduced by Guseinov as basis functions arises [5] . The STOs and Guseinov's Ψ α -ETOs are able to satisfy the cusp condition at the nuclei [3] and decrease exponentially at the large distances [4] . In Refs. [6, 7] , general analytical formulae have been obtained to express the overlap integrals with integer and noninteger n STOs in terms of the Guseinov auxiliary function Q q ns . Formulae for one-electron two--center molecular integrals over STOs have been introduced in Refs. [8, 9] which are used in calculation of integer principal quantum numbers.
In this study, we present a new analytical algorithm for two-center overlap integrals over NISTOs on the basis of Guseinov's one-center expansion formulae and Löwdin α radial function [5, 10] . It should be noted that the accurate evaluation of the two-center overlap integrals over NISTOs gives the well molecular structure information needed to evaluate the HFR equation. A numerical example is presented to demonstrate the efficiency of the proposed algorithm for arbitrary values of integer and noninteger principal quantum numbers and screening constants of ISTOs and NISTOs and internuclear distances.
Definitions and basic formulae
In order to evaluate the two-center overlap integrals over NISTOs, we use Guseinov's formula for the one--center expansion of NISTOs in terms of ISTOs defined as [5, 11] 
where α = 1, 0, −1, −2, . . . Here, the normalized NISTOs χ n * lm (ζ, r) and ISTOs χ n lm (ζ, r) and expansion coefficients V αN are determined by
The S lm (θ, ϕ) occurring in Eqs. (2) and (3) are the complex (S lm ≡ Y lm ) or real spherical harmonics. We notice that the definition of phases in this work for the complex spherical harmonics (Y * lm = Y l−m ) differs from the Condon-Shortley phases [12] by the sign factor (−1) m .
Evaluation of overlap integrals over NISTOs
The two-center overlap integrals over NISTOs in molecular coordinate system are defined by
Using Eq. (1) we obtain for the two-center overlap integrals over NISTOs the following relations through the two-center overlap integrals with ISTOs [7] :
where R = R ab and S nlm,n l m (ζ, ζ ; R)
The analytical relations for two-center overlap integrals over ISTOs have been presented in Refs. [13, 14] .
In order to evaluate the two-center overlap integrals over ISTOs in molecular coordinate system, we use the following formula [13] :
where T λ lm,l m (θ, ϕ) and S nlλ,n l λ (ζ, ζ ; R) are the Guseinov rotational angular coefficients and overlap integrals over ISTOs in lined-up coordinate systems, respectively (see Refs. [15, 16] ). For the calculation of S nlλ,n l λ (ζ, ζ ; R) we use the Löwdin α radial function [10] in the following form [17] [18] [19] [20] [21] [22] :
Here the coefficients C nlλ l (i, j) can be calculated by using Sharma's analytical formulae [23] [24] [25] [26] [27] . For the quick calculations, in our earlier study, the Sharma analytical formula has been expressed in terms of binomial coefficients. Thus, the Sharma analytical formula for the coefficients C nlm l (i, j) occurring in Löwdin α radial function becomes [28] : where
The quantity F n (m) = n! m!(n−m)! in Eqs. (6), (13) and (14) are the binomial coefficients.
Numerical results and discussion
An efficient calculation algorithm is presented for the two-center overlap integrals over NISTOs in molecular coordinate system by using Guseinov's one-center expansion formulae and Löwdin α radial function. The proposed algorithm is implemented numerically using a computer program, and its convergence properties are investigated. We performed a program for the calculation of two-center overlap integrals over NISTOs and ISTOs in molecular coordinate system. All calculations were performed on Mathematica 7.0 international mathematical software. The computational results and literature [11] data of the two-center overlap integrals over NISTOs and ISTOs in molecular coordinate system are shown in Tables I and II for α = −1, α = −3 and α = −4. As can be seen from the tables, the computation accuracy of computer results is satisfactory. In Figs. 1 and 2 we present the convergence of the series in Eq. (8) As can be seen from Figs. 1 and 2, the convergence for given α is satisfactory for arbitrary values of internuclear distances R. Greater accuracy is attainable by the use of more terms of expansions (8) . The convolution between Guseinov's one-center expansion formulae and Löwdin α radial function to accurate calculations of the two-center overlap integrals with NISTOs in molecular coordinate system is reported for the first time in the literature. Extensive numerical tests and comparisons with some already existing methods show that the algorithm proposed here is efficient.
